Summary. The S and M segments of a hantavirus, enzymatically amplified from tissues of Cloudland deer mice (Peromyscus maniculatus nubiterrae) captured during 1985 in West Virginia, diverged from strains of Four Corners virus from the southwestern United States bymore than 16% and 6% at the nucleotide and amino acid levels, respectively. Phylogenetic analysis suggested that this virus strain (designated Monongahela) forms a possible evolutionary link between the Four Corners and New York hantaviruses.
sense RNA genome. The segments, designated large (L), medium (M) and small (S), encode a putative viral transcriptase, the G1 and G2 envelope glycoproteins, and a nucleocapsid protein, respectively [10] . Each of the genetically and biologically distinct hantaviruses is harbored by a specific rodent or insectivore reservoir [39, 41] .
Of the more than 100 HPS cases diagnosed in the United States and Canada since June 1993, the vast majority have occurred in the southwestern United States, particularly in the Four Corners region, where the borders of New Mexico, Arizona, Utah and Colorado meet. To date, only 7 HPS cases have been reported east of the Mississippi River. Of these, 4 cases have occurred in regions devoid of deer mice [4, 5, 21] , and 3 cases have been reported from within the habitation range of the deer mouse (one case each in Indiana, West Virginia and Virginia). Not unexpectedly then, while a substantial genetic database has been amassed about the FC hantavirus harbored by deer mice in the western United States, little information is currently available for deer mouse-borne hantaviruses in the eastern United States.
To As in FC and NY viruses [14, 19, 34, 36] , a second, much smaller ORF of 189 nt (coordinates 122 to 310) was found in the S segment of Monongahela-1. The sequence of this 63-amino acid hypothetical nonstructural protein (NSx) was more similar to that of FC virus (89% identity) than to the NSx of other sigmodontine or arvicolid rodent-borne hantaviruses. The 756-nt 3'-untranslated or noncoding region of the Monongahela-1 S segment, which was comprised of numerous perfect and imperfect repeats, was similar in length to that of FC and NY viruses (728 to 757nt) [19, 36] . Of 34 repeats having a minimum repeat length of 12 nt with 1 mismatch allowed, 33 repeats were located in the noncoding region and 1 was in the coding region.
Analysis of the 274-nucleotide, immunodominant epitope-spanning domain of the G1 envelope glycoprotein-encoding M genomic segment indicated that Monongahela-i,-2 and -3 diverged from FC virus by more than 15% and 6% at the nucleotide and amino acid levels, respectively. In this highly conserved immunodominant domain, defined by amino acids 59 to 89 [13] , Monongahela virus strains differed by 3 residues (Fig. lb) from NY virus and from multiple strains of FC virus from throughout the western United States and Canada [13, 16] . In a ll40-nt region of the G2-encoding M segment, Monongahela differed from FC and NY viruses by 2.6% and 2.9%, respectively, at the amino acid level, despite the 81.1% to 82.8% nucleotide sequence similarity. To what extent these differences in the G1 envelope glycoprotein sequences are important from the standpoint of virus neutralization is unclear.
Using the maximum parsimony and neighbor-joining methods [11, 37] , as well as unweighted pair-group method of assortment, phylogenetic trees based on the nucleotide and deduced amino acid sequences of the coding region of the S genomic segment indicated that Monongahela shared a common ancestry with FC and NY viruses and with other hantaviruses harbored by sigmodontine rodents (Fig. 2) . These topologies were strongly supported by bootstrap analysis of 1000 iterations, but the phylogenetic position of Monongahela varied between deer mouse and white-footed mouse-borne hantaviruses, suggesting that Monongahela formed an evolutionary link between FC and NY hantaviruses. In trees based on the M genomic segment spanning the immunodominant region of the G1 glycoprotein, Monongahela was the most divergent of all deer mouseborne hantaviruses and formed an outgroup for strains of FC virus from the western United States (data not shown).
Occasionally, the speciation of Peromyscus rodents can be problematic, particularly in geographic regions where Peromyscus maniculatus and Peromyscus teucopus are sympatric and synchronistic. In the present study, Peromyscus maniculatus nubiterrae were distinguished from Peromyscus leucopus noveboracensis by their long gray-colored dorsal pelage (versus short reddishbrown dorsal pelage, typically with a broad mid-dorsal band of dark hairs); their well-haired and bicolored tong tails, measuring over 95 ram, usually exceeding 100 mm, and ending in a pencillated tip (versus short tails, covered with scattered hairs, and not effectively bicolored, measuring less than 95 mm, usually less than 90 mm, and not ending with a tufted tip); and their large and long ears, usually Peromyscus leucopus noveboracensis, it is uncertain whether the hantaviruses responsible for the retrospectively diagnosed, nonfatal cases of HPS occurring in Virginia and West Virginia were genetically more similar to Monongahela-1 than to NY virus. Data presented in this report support our earlier demonstration that hantaviruses have long been enzootic in deer mouse populations [22, 24] . More importantly, these data indicate the existence of a highly divergent and phylogenetically distinct hantavirus in deer mice in the eastern United States. Recent comparisons of S and M segment sequences of PUU virus amplified from tissues of bank voles (Clethrionomys 91areolus) trapped in Udmurtia and P U U virus isolates from Bashkiria and Sotkamo indicate that the degree of sequence similarity between P U U virus strains is dependent on geographic origin [27] . Similarly, sequence analyses of HTN and FC viruses indicate geographic dependence [13, 26, 35, 36] .
Genotypic segregation of HTN, P U U and FC virus strains, according to their geographic origin, is consistent with the concept, originally proposed for St. Louis encephalitis virus [38] , that viral genotypes are associated with specific geographic regions. Geographic-specific viral genotypes or topotypes have since been identified for dengue virus types 1 and 2 [2, 28] , Japanese encephalitis virus [7] , hepatitis C virus [31] , poliovirus type 1 [29] , hepatitis A virus [30] , Ross River virus [20] , rabies virus [32] , vesicular stomatitis virus [25] , hmnan T-cell lymphotropic virus type I [23, 40, 42] , and human papillomavirus type 16 [6, 17] . Further analyses of peromyscine rodent-borne hantaviruses from the eastern United States will be required to validate the apparent geographic-specific genetic and phylogenetic segregation of Monongahela-1 from strains of FC virus from the western United States and Canada. Such studies will also clarify if peromyscine rodent-borne hantaviruses like Monongahela-1 serve to link the evolutionary continuum between FC and NY viruses.
